Flight observations and carcass searches were carried out along distribution power lines in Slovakia. 77 km of 22 kV and 110 kV lines were marked on a total of 108 sections to evaluate the effectiveness of three types of bird flight diverters (Fire-Fly Bird Diverter, RIBE Bird Flight Diverter and SWANFLIGHT Diverter) designed to increase power line visibility. Numbers of carcasses were compared before and after installation of the devices and reaction distances on marked power lines were surveyed. We observed a 93.5% reduction (93 vs. 6) in the number of fatalities under the marked power lines after line marking (06/2016-06/2019) compared to the period before installation (12/2014-02/2016). 2,296 flight reactions were observed and an estimated total of 41,885 individuals (57 bird species belonging to 13 orders) were recorded with their reactions to marked lines in the period 06/2016-06/2019. After installation of bird diverters, there was a low proportion of flight distance observations at the closest distance, i.e. up to 5 m, indicating that birds reacted further away from marked lines. Although we lack flight observations for the period before the installation of diverters, the reactions of birds at greater distances and reduced number of bird victims under marked lines indicate that all tested diverters have a positive effect on reducing the number of avian collisions with power lines. Abstrakt: Monitoring reakcií vtákov a vyhľadávanie uhynutých jedincov boli realizované pozdĺž distribučných elektrických vedení na Slovensku. Na 108 označených úsekoch 22 kV a 110 kV vedení v dĺžke 77 km bola hodnotená efektivita troch typov odkloňovacích prvkov (FireFly Bird Diverter, RIBE Bird Flight Diverter a SWANFLIGHT Diverter), určených na zvýšenie viditeľnosti elektrických vedení. Porovnávali sme počet uhynutých jedincov pred a po inštalácií odkloňovacích prvkov a sledované boli reakcie a reakčné vzdialenosti na ošetrených vedeniach. Po inštalácií odkloňovacích prvkov (06/2016 -09/2019) bolo v porovnaní s obdobím pred inštaláciou (12/2014 -02/2016) zistené 93,5 % zníženie (93 vs. 6) úmrtnosti jedincov. V období (06/2016 -09/2019) sme na ošetrených vedeniach zaznamenali 2296 reakcií vtákov v počte približne 41 885 reagujúcich jedincov (57 druhov patriacich do 13 radov)
Introduction
Around the world, the availability of electricity has become an indicator of the standard of living. The transmission of electricity from power plants to users is mainly via overhead power lines. Worldwide, this "wiring" of the landscape continues to increase and to advance even into the most remote parts of the inhabited continents. Most powerlines constructed so far pose fatal risks for a wide range of bird species and significantly affect the habitats of large birds in terms of their breeding, staging and wintering areas (Perrins & Sears 1991 , Savereno et al. 1996 , Bevanger 1998 , Janss & Ferrer 2000 , Coleman et al. 2001 , Haas et al. 2005 . Mortality from collisions with power lines and other electric utility structures has been documented for some 350 bird species (Manville 1999) with possible population level impacts (APLIC 1994 , Janss & Ferrer 2000 , Bevanger & Brøseth 2004 , APLIC 2012 , Loss et al. 2012 , Rioux et al. 2013 , Bernardino et al. 2018 .
Collisions of birds with power lines are related to the main cause: the flying individual is unable to register such an obstacle ahead. Problems of collisions with power lines can be generally divided into three main categories based on factors of origin, including speciesspecific factors, sitespecific factors and power linespecific factors (Bernardino et al. 2018 ). Frequently they can be observed especially in open areas where the power line crosses feeding, foraging and nesting habitats (APLIC 2012) used by birds, and can occur equally with transmission and distribution lines (Bevanger & Brøseth 2004 , Bahat 2008 . Overhead lines are significant sources of avian collision mortality, particularly at dusk and dawn, and during the night when the lines are effectively invisible (APLIC 1994 , Brown & Drewien 1995 , Janss & Ferrer 2000 . Some bird species which are active in the vicinity of power lines are more susceptible to collision risk than others. Morphology also plays a decisive role (Brown 1993 , Bevanger 1998 , Janss 2000 , Crowder & Rhodes 2002 . Birds with low maneuverability, i.e. those with high wing loading and low aspect, such as bustards, pelicans, waterfowl, cranes, storks and grouse, are among the species most likely to collide with power lines (Bevanger 1998 , Janss 2000 , Quinn et al. 2011 , Barrientos et al. 2012 . Species with narrow visual fields are also at high collision risk as they do not see the wires (Martin & Shaw 2010 , Martin 2011 . Power line features can also influence the risk of bird collision based on different power line voltage ) and thus configuration, especially including the number of vertical levels (Drewitt & Langston 2008 , wire height (Haas et al. 2005 , Murphy et al. 2009 ) and presence of shield wire (Murphy et al. 2009 , APLIC 2012 .
Many species in the highest survival risk categories are threatened, and reducing power line collision rates may therefore play an important role in their population persistence. The loss of a few or even one individual may impact a local population or the overall population's viability (Crowder 2000) . Collisions with power lines are also a problem for power supply companies due to the possible power outages following collisions (collisionelectrocution) and resulting financial losses (Haas et al. 2005 , Bahat 2008 ).
Even if collisions themselves cannot be completely eliminated, they can still be reduced by means of proper mitigation measures. Line marking is one of the best solutions, based on making the wires more visible to birds in flight (Morkill & Anderson 1991 , Brown & Drewien 1995 , Frost 2008 ). This has become the preferred mitigation option worldwide. A wide range of potential line marking devices has evolved over the years, including avian balls, swinging plates, spiral vibration dampers, strips, ribbons, tapes, plates, flags and crossed bands (APLIC 2012). The effect of marking lines has varied widely across studies, primarily with habitat, bird species, season and type and configuration of power lines (Koops 1994 , Bevanger & Brøseth 2004 , Wright et al. 2008 , Mojica et al. 2009 ). Barrientos et al. (2011) reviewed 21 wire marking studies and similarly concluded that wire marking reduced bird mortality by 55-94%. Understanding the nature of bird collisions is essential for minimizing them.
To date, fewer studies have attempted to reduce avian collisions with distribution power lines (Bevanger & Brøseth 2004 , Yee 2007 , Barrientos et al. 2012 , and more attention has been paid to transmission power lines (Savereno et al. 1996 , Janns & Ferrer 2000 , De La Zerda & Rosselli 2002 , Bevanger & Brøseth 2004 , Frost 2008 , Murphy et al. 2009 , Sporer et al. 2013 .
In this study a total of 77 kilometers of distribution power lines rated 22 kV and 110 kV in Slovakia were equipped with almost 8,000 devices representing three types of bird fight diverters: FireFly Bird Diverter, black and white RIBE Bird Flight Diverter and orange spiral SWANFLIGHT Diverter (SFD). The exact locations of spans suggested for installation of devices, were selected within the LIFE Energy project based on the results of special methodology evaluating electric power line risk levels from the viewpoint of bird deaths caused by collision with power lines and based on the technical possibilities (load capacity of phase conductors) of selected power lines. Placement of devices was selected to ensure that each device covered all types of habitats (same/different site specific conditions and bird species composition) present in the project area. The main aim was to study the effectiveness of the selected bird diverters by comparing the bird mortality before/after installation and by monitoring bird reactions and reaction distances to marked power lines. Preliminary results of our findings were published in studies by Gális et al. (2016 Gális et al. ( , 2017 Gális et al. ( , 2018a Gális et al. ( , 2018b and .
Material and methods S t u d y a r e a Monitoring the effectiveness of three types of bird diverters was carried out on 108 selected sections of power lines. The project area was located in the southern part of Slovakia ( Fig. 1 ), in lowland agricultural landscapes. The selected surveyed area is of high avifaunal importance, including high bird populations and high percentages of migratory birds (Karaska et al. 2015) . Agricultural fields and ponds also attract many bird species due to the presence especially of grain crops, oilseed rape and rodents. Many of the marked lines were very close to wetlands, marshes, rivers, lakes and ponds. The exact locations of all marked sections of 22 kV and 110 kV power lines can be found at page https://www.lifeenergia.sk/. S e l e c t i o n o f p o w e r l i n e s s u gg e s t e d f o r i n s t a l l a t i o n o f b i r d f l i g h t d i v e r t e r s In the period between 12/2014-02/2016 6,235 km of power lines were inspected twice during two periods (12/2014-3/2015 and 04/2015-02/2016) of field survey. In addition to this, intensive research was conducted during the second field survey at onemonth intervals on power lines identified as the most dangerous for birds to collide with. The main focus of this survey was on collision, to recognize the range of the problem and its relevance for different bird species, habitats and power line configurations. Thirteen mitigation plans were designed for the project area with recommendations of particular measures for each Special Protection Area (SPA) and neighbouring area ( Fig. 1 ), including the installation of bird flight diverters. 1,120 km of power lines were included in the group of hot spots (17.9% of all inspected power lines) concerning the relative risk of collision evaluated. Out of this, 77 km were given the highest priority and were proposed for installation of three bird flight diverters. The exact method of selection of these highest priority sections is described in Šmídt et al. (2019) . installation of the first diverters, and then continued as carcass searches during 06/2016-06/2019 after diverters were put in place. Bird flight observations on marked lines also included carcass searches. Each marked line section was searched on foot before evening and after morning flight observation periods directly under the lines of 22 kV and 110 kV and two buffer zones 25 m from the center on either side of the line section (total 50 m buffer was checked). These line sections were monitored once per month. When a carcass or remains (e.g. feather scatter) were located, they were assigned an ID number, photographed, and identified to species whenever possible. GPS coordinates of each bird carcass or remains found were recorded, and carcass distance from the line estimated in meters. Cause of death was determined (if possible) in the field, and carcasses were collected out of the site, to prevent double counting during the next field survey.
The body condition of bird carcasses was also taken into account, to estimate the possible date of death. Altogether 21 field assistants were trained to ensure proper survey data collection. Moving in zigzag pattern was performed only in high and dense vegetation. Nearby tree and shrub vegetation was inspected up to 100 m, because injured birds often moved by themselves and hid because of bird fears, or were moved by a predator. All field assistants were trained by ornithologists and a GIS expert during two theoretical and two practical training sessions and several field meetings to ensure proper survey data collection for flight observations and also for mortality surveys. Theoretical training also consisted of analyses of video recordings of different types of reactions, to standardize the monitoring pattern between different assistants. The experts (in the position of supervisors) joined the field assistants during flight observations and field surveys to decrease searcher bias and ensure proper data collection and transcription. All marked line sections were divided among the field assistants, so the same assistant always searched and observed the same line.
All gathered data were verified and revised by experts in ornithology and recorded in an offline database. Monitoring was performed only in suitable weather and site conditions, to avoid unsuitable climatic factors (snowfall, rain) affecting bird activity. Results of carcass searches were not corrected for various bias factors including scavenger bias, crippling bias, habitat bias and searcher bias, analyzed in many studies (Bevanger 1999 , Morrison 2002 , Ponce et al. 2010 , Jödicke et al. 2018 ).
P o w e r l i n e c h a r a c t e r i s t i c s a n d b i r d f l i g h t d i v e r t e r s u s e d Two types of distribution power lines were selected for installation of bird diverters: a single/double circuit 22 kV line and double circuit 110 kV line. The 110 kV lines had one earth wire about the phase conductors as protection against lightning. The earth wire was located above the phase conductors as the highest part of the pylons. All vertical levels of phase conductors (22 kV) and all levels of phase conductors + earth wire (110 kV) were marked with bird flight diverters.
Three types of diverters commonly used for minimizing bird collisions worldwide were selected for testing their effectiveness: (A) FireFly Bird Diverter, a dynamic type of device produced by the Hammarprodukter company in Sweden. This is a high impact plastic plate with snapfast clamp that rotates in the wind at speeds > 8.04 km/h. The FireFly utilizes reflective and UV absorption parts to prevent bird collisions during day and night. Only this device selected for our testing glowed for up to 10 to 12 hours after sunset. (B) SWAN-FLIGHT Di- 
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verter, a doubleended spiral device from Spain. It is manufactured from highimpact PVC with UV protection and minimal wind resistance. Orange color was selected for our testing. (C) RIBE Bird Flight Diverter, with separate moving black and white strips sized 48x30 cm with flashing effect contrasting with the surroundings (Fig. 2) . All devices were attached at 10 meter intervals. In the case of the RIBE Bird Flight Diverter, the selection of exact sections of power lines also depended on the age and thus the technical condition of the phase conductors, because of the product's weight.
Only FireFly bird diverters were installed on 110 kV lines (all levels of phase conductors + earth wire). A total of 77 kilometers of distribution power lines rated 22 kV (63 km) and 110 kV (14 km) were marked with almost 8,000 diverter devices. The length of marked lines were: FireFly Bird Diverter (30 km of 22 kV) + (14 km of 110 kV), RIBE Bird Flight Diverter (14 km of 22 kV) and SWANFLIGHT Diverter (19 km of 22 kV). Installation was carried out from the ground, using a bucket truck and boat. Two types of special devices were used for installation of FireFly Bird Diverters on 110 kV lines and on 22 kV lines above rivers or in difficult terrain ( Fig. 3 ).
F l i g h t o b s e r v a t i o n s
Monitoring took place along 22 kV and 110 kV distribution power line sections with total length 77 km, rated as having the most risk potential for possible bird collisions, immediately after diverters were installed in the period 06/2016-06/2019. It was done twice for each monitored day. (A) Morning, starting 0.5 hour before dawn, and continuing for another 1.5 hours after sunrise. (B) Evening, starting 1.5 hours before dusk and continuing for 0.5 hour after sunset. In these time periods the light conditions are insufficient and birds are most active at the same time, hence there is a high risk of possible collision. Total monitoring time was 4 hours/ day. Marked power lines were monitored once per month, but if the power line exhibited many repeated bird overflights, the frequency of bird flight observations increased. The goal was to capture as many birds' reactions as possible to confirm/refute the diverter effectiveness. We applied this approach to all marked lines. Moreover the presence of bird species in proximity to the marked power lines was monitored by experts in ornithology, and the intensity of flight observations were set based on the presence/absence of bird species.
One person monitored power lines in a 500meter range of marked spans. Two persons carried out monitoring of sections longer than 500 meters, or if the power line changed direction significantly or it was divided by a barrier (e.g. horizon, vegetation).
For each monitored power line the following data were assessed: (1) location (ID), (2) date and time of monitoring, (3) observed time of sunrise and sunset, (4) biotope, vegetation close to (< 300m) the monitored section, (5) weather, wind direction and intensity converted to the Beaufort wind scale.
During the observation period, the occurrence of individuals and flocks was recorded. Flocks were considered to be two or more individual birds of the same species. The responses protocol consisted of 9 types for various reactions of an individual bird to the power line: (0) no reaction, (1) bird flew through the line with no reaction, (2) bird changed the primary course and flew through the line, (3) bird flew up and over line (4) bird flew down and under line, (5) bird turned the primary course and flew away from or along the line, (6) bird collided but continued in flight, (7) bird collided and fell dead or injured, (8) bird landed on line.
For reaction types 2, 3, 4 and 5 a reaction distance relative to the line was recorded according to three categories: (1) 0-5 m from the line, (2) 6-25 m, and (3) < 25 m away. Distance did not apply for reaction types 0, 1, 6, 7 and 8.
S t a t i s t i c a l a n a l y s e s In all analyses only selected bird species were used (medium and largesized birds with a higher susceptibility to collision) selected based on Bevanger (1998) categor-VSD, a. s. ization. They are frequently reported as collision victims (Janss 2000 , Crowder & Rhodes 2002 , Rubolini et al. 2005 ).There were two types of bird responses to different diverters: reaction type and reaction distance. Because observing actual collisions is rare, statistical analyses were reserved for reaction types 2, 3 and 4, which represent positive reactions. Similarly as in the study by the Ventana Wildlife Society (2009), our variable reaction types represented counts of positive reactions (types: 2, 3 and 4) observed during each occasion (2hour observing period). Differences in counts of positive reaction types between diverters were analyzed using the generalized linear mixed model (GLMM) with negative binomial error distribution and logarithmic link function (negative binomial distribution was used to account for overdispersion in the data). Because of the diversity of sampling over time and space, attributes of month and locality were used and tested as random factors. Although the amount of variability explained with months was negligible, the contribution of locality was considerable, so locality was used as the only random variable with varying intercept. The same type of model (GLMM with negative binomial error distribution) was used to compare positive reaction types between different power lines (22kV vs. 110kV) marked with FireFly Bird Diverter. Differences between reaction distances were analyzed using ordinal logistic regression with multilevel structure using the cumulative distribution function with the logit link function. As with reaction type analyses, localities helped explain a considerable amount of variability and were used as a random variable with varying intercept. The same type of model was also used to compare reaction distances between different power lines (22kV vs 110kV) marked with FireFly Bird Diverter. All analyses were created in the Bayesian framework using Stan language (http://mc stan.org/) accessed with the brms package (Bürkner 2017) in R (R Core Team 2019). To improve convergence and guard against overfitting, we specified mildly informative conservative priors (populationlevel effects = normal (0, 10); intercept and sd = student_t(3, 0, 10); shape = gamma (0.01, 0.01) To compare different models we used leaveoneout crossvalidation (LOOCV) using Pareto smoothed importance sampling (PSIS) in the loo package (Vehtari et al. 2019) . This framework provides more precise and informative intervals of estimated parameters (compared to the most frequently used penalized quasilikelihood approximation) and automatically penalize more complex models, providing a way to select the best model. For further information see Bolker et al. (2009) and Gelman et al. (2013) . The number of collisions was estimated based on carcass search results from the period before (12/2014-02/2016) and after (06/2016-06/2019) the diverters installation. Numbers of carcasses found were not corrected to account for carcass losses due to removal by scavengers or inadvertence in carcass detection by field assistants. Only raw numbers of dead birds found were used for calculation of mortality before/after diverters installation.
Results
M o r t a l i t y s u r v e y A total of 93 bird carcasses belonging to 8 bird species were identified under the selected power lines (77 km), checked before installation of diverters, in the period from 12/2014 to 02/2016. Mute swans (Cygnus olor) were the most commonly encountered bird carcasses, accounting for 55 individuals (59.2%) of the total, and 19 mallards (Anas platyrhynchos -20.4%), 6 great egrets (Ardea alba -6.5%), 4 passerines (4.4%), 4 white storks (Ciconia ciconia -4.3%), 2 common pheasant (Phasianus colchicus -2.1%), 2 northern lapwings (Vanellus vanellus -2.1%) and 1 common pochard (Aythya ferina -1%) were also recorded. All identified bird carcasses were removed from the area to prevent double counts. found only under marked 22 kV power lines, checked immediately after installation, in the period from 06/2016 to 06/2019. After installation of diverters in 2016 and 2017, no collision victims were recorded. Two mute swans (both under the same line marked with FireFly Bird Diverter) and three great egrets (one under a line marked with FireFly and two with SWAN FLIGHT Diverter) were killed in March 2018. One mute swan died after collision and consequent electrocution (line marked with RIBE Bird Flight Diverter) in January 2019.
F l i g h t o b s e r v a t i o n s
A total of 6,151 records and an estimated total of 75,175 individuals (95 bird species) were recorded during the flight observations in seasons from 06/2016 to 06/2019. Only in 2,296 flight observations, reaction type (2, 3, 4 and 5) was observed and an estimated total of 41,885 birds (57 bird species belonging to 13 orders) were recorded along the total length of 77 km of marked power lines (63 km of 22 kV and 14 km of 110 kV). Similar observations were made during the morning (1,183) and during the evening period (1,113). Of the 2,296 observations, birds crossed power lines during the study as follows: 1,791 times (78%) they changed the altitude and flew above as they approached the line; 244 times (10.6%) they flew below and 179 times (7.8%) they changed their primary direction or 82 times (3.6 %) they flew between the wires in doublecircuit configuration of 22 kV and 110 k V power lines (Tab. 1).The remaining percentage consisted of observations with no reactions, because the birds flew over at higher levels than the power lines.
There were considerable differences between the diverters in terms of positive reaction type (Fig. 4) . In addition to the differences between the diverting devices themselves, the effects of several independent variables were also tested (monitoring time = morning/even-ing; low visibility conditions = rain, fog, snow, categorized as good/bad conditions; country part = west/ east; quantity = individual/flock). Before considering the locality as a random factor, most of these independent variables had a significant effect, but with this random factor included, none of the twoway or threeway interactions between diverting and independent variables was credible (elpd diff (difference in expected log predictive density) ≤ standard error). This suggests that the specific characteristic of each locality has considerable influence on the effectiveness of different diverters.
After filtering only FireFly Bird Diverters, there were considerable differences between the types (22 kV and 110 kV) of power lines (Fig. 5) . Similarly as in the differences between the diverters in terms of positive reaction type, after accounting for the locality factor, none of the interactions with independent variables (monitoring time, visibility conditions, country part, quantity) was credible.
Observations of collisions were rare during our study (Fig. 6 ). Only two collisions were observed during a survey of marked lines. A young mute swan hit a 22 kV line marked with FireFly Bird Diverters on 29 March 2018 at 8:20 a.m. The observer stated that it was a collision based on the sound and movement of the lowest phase conductor as the bird crossed the line. The mute swan hit the ground after the collision, but after less than two minutes it continued to fly again and did not appear injured. A second collision of a mute swan was recorded on digital camera on a 22 kV power line marked with RIBE Bird Flight Diverter on 17 January 2019 at 16:59 p.m. One mute swan hit the wires as the bird crossed (in 78 th position) as a member of a big flock of 150-170 swans and caused an outage, confirmed by the distribution network operator.
Spring growth of winter wheat and oilseed crops on surrounding arable land provides a timely alternative food supply for the swans and geese, resulting in large numbers flying out of the wetlands to feed in these fields, returning to the wetlands for safe refuge when they cease feeding (Fig. 7) . From the middle of April onwards grazing of the winter wheat and oilseed decreases as the crop becomes too tall and the swans disperse to their breeding or moulting grounds.
For altitude change and flutter/flare reaction types, the recorded distances of the reactions from the marked power lines were evaluated for all bird species. Swans, ducks, herons and geese were separated from other bird species, as they are among the species most likely to collide with power lines (Bevanger 1998) .
After treatment there was a lower proportion of distance observations in the closest distance category (i.e. distance category 1, 0-5 m away from the line) (Tab. 2). Conversely, proportions in the more distant categories 2 (6-25 m) and 3 (> 25 m) were more than half, indicating that birds reacted further from lines after diverters were installed.
In the case of reaction distances on marked lines, there was no credible difference between diverters (all diverters had similar effect), but there was considerable difference between closer and farther reaction distances (Fig. 8) . Similarly as in the reaction type models, after accounting for locality as a random factor, none of the independent variable interactions had credible effect except quantity (individual/flock), which had a slightly positive impact on the predictive accuracy of the model (elpd diff = 8.5; SE = 4.8) (Fig. 9) .
In terms of power lines, we can see similar behavior with 22 kV and 110 kV lines (Fig. 10 ).
Discussion
As mentioned in many expert studies, the presence of bird flight diverters is associated with a decrease in collision mortality (Morkill & Anderson 1991 , Brown & Drewien 1995 , Frost 2008 , Sporer et al. 2013 ). Placement of various designs of diverter devices on wires has been shown to effectively reduce bird collisions in a range between 55 to 94% (Barrientos et al. 2011) . Evaluating the efficacy of diverters relies heavily on comparing the number of dead birds found under marked and nonmarked power lines. We compared the carcass mortality along distribution power lines before and after installation of three types of bird flight diverters. There was a considerable reduction in bird collision rates in response to the fitting of diverters, namely by 93.5% (06/2016-06/2019) comparing the years before (12/2014-02/2016) -93 vs. 6 bird carcasses. All carcasses were found within 25 m of the power lines, indicating that the designated search area (50 m) provided sufficient opportunity to find carcasses of birds having collided with monitored 22 kV and 110 kV distribution power lines. The occurrence of fewer collision victims under marked lines provides some evidence that all selected types of flight diverters are effective and have positive impact on reducing avian collisions.
The presence of identified bird carcasses (93 vs. 6) may not reflect reliably the results of bird mortality surveys carried out under power lines before and after diverter installation. Although we tried to minimize the sampling biases, it is possible to expect that the final mortality may be higher due to such biases.
Especially for bird collisions, crippling loss bias could also increase the real mortality associated with power lines, as after colliding with the power line an injured bird may move on and out of the search area. This sort of case was recorded in our observations, as one mute swan hit the ground after collision with a marked line, but after less than two minutes continued to fly again and did not appear injured (but could have died later as a result of internal injuries). Many birds injured after collisions could move far enough away from the power line before dying, and thus they are not found during carcass searches, even if the designated search area is sufficient. The study by Bevanger (1999) several studies which found 22% (Hiltunen 1953) to 50% (Renssen et al. 1975 ) and even 74% (Beaulaurier 1981) of possible crippling loss bias. Crippling loss bias estimates are extremely difficult to obtain, and they are the least likely to be calculated (APLIC 2012). The same observers were used throughout the mortality surveys to minimize observer bias, which may in some cases reach the level of only 45% of small bird species being found in dense vegetation (Homan et al. 2001) . Searcher efficiency is highly variable, with several studies reporting relatively low rates (i.e. 35%-50%) and others reporting relatively high rates (i.e. 75%-85%) of recovery (Morrison 2002) . Efficiency is mainly influenced by the height and type of vegetation present and the bird species composition in the surveyed area. Moreover carcass removal by scavengers often biases the mortality surveys (Ponce et al. 2010) , with very high initial removal rates among smaller carcasses, most of which disappear within the first few days (Prosser et al. 2008) .
It should be made clear that even if some bird flight diverters (FireFly Bird Diverter and RIBE Bird Flight Diverter) were found to be better, the percentage of positive reaction type for the "worst" diverter (SWAN FLIGHT Diverter) was 91%, and the differences between all diverters were only in the remaining few percent, hence the efficiency of all diverters was at a high level. Statistical analyses were reserved only for reaction types 2, 3 and 4, which represent positive reactions, and thus good diverter performance. Evaluating diverter effectiveness based on reaction type 5 (bird turned off the primary course and flew away from or along the line) was debatable. In our pattern for flight observations, it was thought that birds exhibiting this type of reaction in the closest distance category (< 5 m) might have had difficulty seeing the marked line, and were therefore not selected for further statistical analyses as positive reaction. This type of reaction to marked lines could indicate lower diverter effectiveness. On the other hand, the presence of diverters and abrupt changes in primary flight course at the last moment could also indicate that diverters increased the line visibility for birds which would otherwise have collided with a nonmarked wire.
The effectiveness of our devices was higher in comparison with spiral PVC vibration dampers (61%) and CI: 2.1, 9.6], and 8.9% [95% CI: 3.7, 15 .3] at the second reaction distance and 14.5% [95% CI: 0.23, 6.3] at the third re action distance, what suggests, that flocks have a higher likeli hood of early response to power lines. Obr. 9. Pravdepodobnosť jednotlivých reakčných vzdialeností (kategórie 1 -3) pre každý odkloňovací prvok na základe početnosti (jedinec, alebo kŕdeľ). Pevné body znázorňujú odhadnuté priemery s ich 95% intervalmi dôveryhodnosti (n = 1251). Celkový rozdiel (cez všetky odkloňovače), medzi jedin cami a kŕdľami pre prvú vzdialenostnú kategóriu je 5,5 % [95% CI: 2, 1, 9, 6], 8, 9 % [95% CI: 3, 7, 15, 3] , druhú 8,9 % [95% CI: 3,7, 15,3] a tretiu 14,5 % [95% CI: 0,23, 6,3], čo značí, že kŕdle majú vyššiu pravdepodobnosť skoršej reakcie na elektrické vedenie, ako jednotlivec. Fig. 10 . Probability of bird reaction distances (category 1-3) (for FireFly Bird Diverter) in terms of different voltages lines. Solid points show fitted values: the mean of posterior distribution and 95% credible intervals (n = 787). In both types was estimated higher likelihood of early bird response to power lines. Increased uncertainty with 110kV was caused by the small number of ob servations. Obr. 10. Pravdepodobnosť jednotlivých reakčných vzdialeností (kategórie 1 -3) (pre FireFly odkloňovač) pri rôznych typoch elektrického vedenia. Pevné body znázorňujú odhadnuté priemery s ich 95% intervalmi dôveryhodnosti (n = 787). Pri oboch typoch je vyššia pravdepodobnosť skoršej reakcie vtákov na elektrické vedenie. Zvýšená neistota pri 110 kV vedení je spôsobená nižším počtom pozorovaní.
fiberglass plates (63%, Brown & Drewien 1995) , aviation balls (54%, Moorkill & Anderson 1991 and 53%, Savereno et al. 1996) and SFD with 73% reduction (Crowder 2000) . Using FireFly Bird Diverters, 60% reduction in avian collisions was observed in sandhill crane collisions with 12 kV distribution lines in California, USA (Yee 2007 ). Diverter effectiveness was tested in three consecutive years (2003) (2004) (2005) (2006) by comparing the number of birds found under the control power lines with the number found under treatment-marked power lines. The number of collisions per span increased with distance from the treatment spans, which also appeared to affect neighboring unmarked spans. More attention has been paid in many studies to the effects of bird diverters attached to transmission power lines. Based on carcass recoveries under these lines, Janss & Ferrer (1998) reported an 81% decrease in avian mortality associated with white SFDs on a transmission line in westcentral Spain. Small but significant (9.6%) decrease in the number of casualties after line marking with SFDs compared to before line marking on experimental lines was observed in central Spain (Barrientos et. al 2012) . The overall decrease in the number of carcasses recorded in the sample of 15 experimental lines was 88 birds (189 birds before marking, 101 birds after marking, 47% reduction in observed casualties). They also did not find any significant difference in mortality reduction comparing marked transmission lines (220 kV) with marked distribution (15-45 kV) lines when all species were considered together.
No bird collisions occurred during a ninemonth period of installed FireFly Bird Diverters with 100% effectiveness in reducing bird mortality in the Lee Kay Ponds area. 70% of power line overflights were observed after the birds gained altitude by rising up and passing over the transmission line shield wire (Chervick 2004) . Collision susceptibility may be influenced by flight behavior. Birds such as ducks, swans and geese tend to form large flocks and fly closely grouped together over the power lines. Our results suggest that individuals grouped in large flocks reacted better and at a greater distance from marked power lines. This is in line with the results of Crowder (2000) , who observed that flocks with >10 individuals reacted at greater distances to power lines than single birds, suggesting that with more birds scanning for obstacles, flocks can adjust their flight path faster and better avoid power lines. Despite these studies and our findings, flocking species still seem to be more vulnerable to collision than solitary bird species (Crowder & Rhodes 2002 , Drewitt & Langstone 2008 when they fly closely grouped together, because birds at the rear of the flock have their vision somewhat occluded by those at the front, and they are more dependent on flock response to obstacle avoidance . This was also confirmed by our abovementioned observation of a mute swan collision with a marked line. Moreover, collisions of cranes with high numbers of killed or crippled individuals occurred mainly in the case of large flocks when suddenly flushed upward, towards the powerline (Murphy et al. 2009 ). Flocks of birds could collide with a nearby power line especially as a result of panic after sudden disturbances (APLIC 2012).
After installation of flight diverters, there was a lower proportion of reaction distance observations in the closest distance category 1 (i.e. up to 5 m). Conversely, proportions in the more distant categories 2 (6-25 m) and 3 (>25 m) were dominant, indicating that birds reacted further from lines after diverters were installed. Bird species with highest susceptibility of collision (swans, ducks, herons and geese) reacted to power lines (even in flocks) earlier and at greater distances after diverters were installed. If birds are able to react at greater distances from the lines, the risk of collision with them is most likely reduced, as confirmed in our study as well. Researchers reporting significantly effective diverters, based on collision reduction, have also reported differences in reaction distance (De La Zerda & Rosselli 2002) . In any case, our observations suggest that all diverters may alert bird species to powerlines earlier, giving them more time to react and avoid conductors and/or earth wires.
In our results, the mute swan was the most common species detected as victims of collision before and after installation of bird diverters, 55 vs. 3 carcasses (94.5% reduction). Collisions of mute swans often led to many power outages (result of collisionelectrocutions) on 22 kV lines, thus decreasing the power distribution reliability for customers.
A similar reduction of 95% in swan collision rates in response to fitting flight diverters in 2007 compared to 2006 was observed on 135 kV power lines in Abberton Reservoir Special Protection Area, England (Frost 2008) . 500 red 'SWANFLIGHT Diverters' (320 mm long, 175 mm diameter) were installed at 5 m intervals along a 1.5 km length of the power lines. 100% reduction in collisions was found for the SWANFLIGHT Diverter in a study by Rasmussen (2001) , and quicker reactions to a marked 69 kV line by sandhill cranes after the line was marked with FireFly Bird Diverters (Murphy et al. 2009 ).
Although our results indicate higher levels of effectiveness for all three types of diverters used, further study of different habitats and bird species composition is needed especially on distribution power lines worldwide. They are often located close to the habitats used by many species with the highest susceptibility risk of collision, especially if the power line is close to their area of taking off or landing. Many devices designed to increase line visibility may not be effective in heavy fog, at night or in low-light conditions. It is therefore also necessary to test different types of products especially for species with nocturnal flight habits.
